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Some Paleoecolog·ical Speculations Regarding
the Earliest Vertebrates
By

GEORGE

M.

ROBERTSON

Vertebrate paleontology concerns itself mainly with bones. Seldom is there any fossilized remnant of other structures. Vertebrate
paleoecology has a task like that of Ezekiel, to "make those dry
bones live," to try to reconstruct from the data available the habitat,
the mode of life, and the associations of these creatures of the past.
Unfortunately we are seldom able to accomplish our task by Ezekiel's method of "prophesying." There is call for a good play of
imagination in the task and sometimes it is difficult to draw a line
between what we like to call "scientific imagination" and the garden
variety.
The earliest known vertebrates are Ostracoderms. It seems to
be generally agreed at present that they and the modern Cyclostomes
should be placed together in a special group, the Agnatha. Some
workers give that group only Class rank, but in the opinion of
many of the students of this group it should be recognized as a
, Superclass, the rest of the vertebrates being referred to as the
Gnathostomata.
The ostracoderms had exoskeletal structures of bone, sometimes
in the form of scales or scutes, as in the Coelolepids, Anaspids, and
Pteraspids, sometimes forming a solid shield covering the head
and often more or less of the trunk, as in Osteostraci. No "true
jaws" of the vertebrate type were developed, although the mouths
of some were supported by a series of bony elements which may
have been somewhat movable. Paired fins were often lacking, and
when present only "pectorals" seem to have been developed. Homology between these and the pectoral appendages of other vertebrates has been questioned. Many, or possibly most, ostracoderms
\Vere dorso-ventrally flattened, but some were more fusiform. Tail
forms include heterocercal, diphycercal, and hypocercal.
Geologic distribution is from Upper Ordovician to Upper Devonian, roughly 100 million years. Geographic distribution is almost world-wide. Both geologic and geographic distribution are
very spotty, indicating that all we have of the record are a few
random samples. Ordovician specimens are known only from a
limited area in North America. The Silurian forms are European.
Devonian occurrences are known from Europe, America, and Asia.
No records are known between Upper Ordovician and Upper
Silurian. The Ordovician specimens are so fragmentary that
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little can be s~id about them. The earliest Silurian finds are from
the island of Oesel, in the Baltic, and include so wide a variety as
to make it practically certain that a very extensive deployment
had occurred in that long interim. From that one limited area
representatives of both sub-classes, both orders of each sub-class,
and in the one order, Osteostraci, four out of the five known families
and almost half the known genera, have been described ( 1).
There have been few attempts to discuss the paleoecology of the
ostracoderms. As Clements (2) pointed out regarding paleoecology
in general : "the ecological contributions of paleontology have
usually been a by-product of taxonomic, phylogenetic, or stratigraphic studies, and their ecological orientation has been difficult
or uncertain." Practically all the literature on the paleoecology of
the ostracoderms consists of brief paragraphs scattered through
the literature, or more commonly of isolated statements interpolated
in stratigraphic or taxonomic descriptions. Most of these statements deal only with speculations as to the general habitat of the
group. Some concern feeding habits, locomotion, etc., but seldom
is there any attempt to determine the association of which they
formed a part and their role in it.
One of the major difficulties in the way of analyzing the ecology
of this group is that the fossil associations are, as Wasmund ( 3)
has put it, not biocoenoses but "thanatocoenoses," death associations. Thus the ostracoderms from the Oesel deposits are found in
a dolomitic limestone along with invertebrates, some of which, e.g.
cephalopods, were marine. Two interpretations of this assemblage
have been suggested. The ostracoderms and the eurypterids have
been held to be fresh-water forms whose remains have washed
down stream and become lodged in the sediments with those of
niarine forms. They have also been held to be parts of the marine
assemblage.
Reconstructions and anatomical discussions hint at ecological interpretations and, of course, the attempts to picture habitat groups
imply associations. These latter, however, frequently seem only
like the paintings of an earlier generation in which various objects
unassociated in nature are artistically placed together as a background. Thus we find some texts with illustrations of the life of
various periods in which ecological incongruities are so obvious
that a field biologist must shudder.
The general mode of life of the ostracoderms probably varied.
There seems little doubt that many of them, dorso-ventrally flattened, with small, ventrally placed mouths and flexible orobranchial
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chambers, and with the eyes practically at the highest part of the
head, were bottom-feeders, living on the bottom and probably feeding suctorially on whatever they could scavenge: This appears to
have been the case with the Osteostraci in general.
The Drepanaspidae were also flattened, but the mouths were
wide and were supported by a rim of plates which may have been
movable. They could well have been mud-grovellers. Patten ( 4)
suggested their feeding method as "scooping up starfishes and
similar animals from the bottom of the sea, as is clearly shown by
their fossilized excrements, which are spiral clumps of calcareous
spines."
Other Heterostraci, such as Pteraspis, have been believed by
some ( 5) to have had "a sort of biting or sucking mouth." This
interpretation was based on the presence of roughened areas on the
"upper lip." Other workers (6) have regarded the mouth plates
as forming a slightly extensible frame-work for a suctorial mouth.
While it seems possible that some of the anaspids might have
been more active feeders, mainly on planktonts, the group as a
whole seems to have filled the niche of weak-feeders, scavengers,
or mud-grovellers.
One other relation with other organisms has been suggested.
Romer (7, 8) speculated that the significance of the armor was
protection against the predatory eurypterids which are commonly
found associated with ostracoderms.
The phase of the habitat problem which has been most discussed
is whether it was marine or fresh-water. This question has become
involved with speculations regarding the origin of the vertebrates,
i.e. the habitat in which the transition from invertebrate to vertebrate occurred, and often the theoretical considerations seem to
have been of as much importance in trying to decide the habitat of
the ostracoderms as have stratigraphic data. Opinion has varied,
correlated to some degree with the emphasis placed on the particular invertebrate stock from which the vertebrates were thought to
have originated. The uncertainty as to the identity of the invertebrate ancestors of the vertebrates is an added source of uncertainty
in the problem of habitat where the transition was made.
The so-called Prochordates are all marine forms. If they represent early off-shoots, relicts of the ancestral groups, does the fact
that they are in marine waters have any significance? There have
been two points of view. One is that such relicts are likely to be
found in the original habitat. The other is that relict forms of
fresh-water groups may have found sanctuary in the more stable
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environments available in marine waters. There is good geological
justification for the latter view. Aside from local diastrophic
movements, the major changes in the ocean basins, during geologic
times appear to have been alterations of sea-level, which at times
have enabled the seas to encroach on the land, again have resulted
in recessions. The apochryphal longings for the days when "there
shall be no more sea" have little in the way of geological rainbows
to raise their hopes. Mountains and hills wear away. The seas
remain. The relatively evanescent character of fresh-water bodies
makes it more likely that an ancient group which had spread into
both habitats would find haven in the seas while the lakes and
streams of the lands have disappeared. Witness the finding of the
Crossopterygian Latimeria in marine waters (9) and the freshwater habitats indicated for its extinct fore-bears.
The "Echinoderm theory" seems to link with a marine origin,
since that group is entirely marine, at least at present, and so far as
I know there are no certainly identified fresh-water sediments containing their fossilized remains. The fossil record of annelids and
arthropods \vould lend little support to either view.
In a very influential paper in 1900, Chamberlin ( 10) argued for
fresh-water, fluviatile, origin on the grounds that the body form
and mode of lomotion of fishes is so obviously adapted to resistance
to moving water that it could have arisen only in a stream environment. His basic argument in essence was: "Land waters are distinguished by persistent and usually rather rapid motion in a fixed
direction." ... "The form and motion of the typical fish are a close
imitation of the form and motion of wisps of water-grass passively
shaped and gracefully waved by the pulsations of the current." ...
"The development in the fish of a rhythmical system of motion
responsive to the rhythm impressed upon it by its persistent environment and duly adjusted to it in pulse and force, is a natural
mode of neutralizing the current force."
His summary is a masterpiece: "It is not difficult for the imagination to picture a lowly aggregate of animal cells, still plastic and
indeterminate in organization, brought under the influence of a
persistent current and caused to develop into determinate organization under its control, and hence to acquire, as its essential features,
a spindle-like form, a lateral flexibility, and a set of longitudinal
side muscles adapted to rhythmi\:al contractions, since these are but
expressions of conformity to the shape and movement normally impressed by the controlling environment upon plastic bodies immersed in it .... Thus, by hypothesis, the primitive chordate form
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may be regarded as a specific response to the special environment
that dominated the evolution of a previously indeterminate ancestral form."
This, however well it may be masked, has the same "Lamarckian"
flavor to be found so commonly in phylogenetic speculations. Other
criticisms can be directed against it as well. I have quoted it at
some length as an excellent sample of a type of "biological" speculation all too common before the contributions of genetics began to
become usable in evolutionary speculations. Its basic argument
has been repeated many times. For example in his first edition of
Organic Evolution Lull ( 11) quotes Chamberlin' s article, apparently with approval, and concludes: "Add to this hypothetical
argument the fact that the first faunas of fossil fishes appear
abundantly in sediments of inland waters or of littoral zones or
embayed arms of the sea, and there is seen to be corroborative
evidence that the place postulated by Chamberlin as the ancestral
habitat may be assumed to be correct." Further, in the "Epilogue"
to his book (p. 688), he states: "The origin of the vertebrates,
therefore, implies no more than quickened rivers and inhabitants
of right potentiality; it could not, in all probability, have occurred
either in the sea or in land waters borne upon a flat topography."
It is of some interest that in the second edition of his book Lull
states: "Briefly, Chamberlin invoked the dynamic rivers which
would give the undulatory movement, extrinsically, to a passive
elongated animal temporarily anchored by the mouth. He imagined
that the creature might learn to produce the same movements actively, in order to avoid being swept out of the environment into
the sea, and thus develop motor organs accordingly, an idea which
has had very little general acceptance. Frankly, we do not know
the place of origin, nor is there any direct evidence which can be
brought to bear upon the problem." He has, however, retained his
Epilogue statement.
Berry ( 12) argued against Chamberlin's contentions and as a
part of his argument stated that the earliest ostracoderm remains
are in marine deposits and that their habitat was marine.
Romer and Gove ( 13) in a fairly detailed analysis of the various
occurrences of ostracoderms concluded that they were probably
fresh-water inhabitants, although in Devonian formations there was
a suggestion of "a drift toward the sea." I have recently tabulated
the statements regarding habitat in a number of papers concerning
ostracoderms. In 35 papers, the work of 22 authors, 11 regarded
the habitat as fresh water, although in two papers the author stated
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fresh or brackish and fresh water or estuarine. Eleven of the papers
specified marine habitat. The other 13 were noncommittal. Further
at least 5 expressed different opinions in different papers. In a
number of cases the statements can be regarded as little more than
a guess or a repeated opinion based on statements of others.
Decision regarding marine or fresh-water deposits is in part a
task for the paleontologist, more for the student of sedimentation.
It is not always easy to decide. Ostracoderms have been found in
some sediments which seem undoubtedly to have been either freshwater or muddy estuary deposits. For example the matrix of the
cephalaspids from Escaumenac Bay and Campbelltown, P. Q., is
argillite. In some places it encloses fragments of plant tissues, e.g.
of Psilophytales. These would both be regarded as evidence of
fresh water or of estuarine waters near fresh water inlets. There
is sometimes pyritization, as in the holotype of Cephalaspis rosamundae. This probably tells nothing more than that a source of
sulfur must have been available and it could have occurred during
fossilization or afterward. Stagnant muds would provide for such
conditions and could be either marine or fresh-water muds. The
Drepanaspidae from Gemunden show almost perfect pyritic replacement of the skeleton.
It should be remembered that the ostracoderm record is long,
from Upper Ordovician to Upper Devonian. The group was also
wide-spread geographically. It is reasonable to suppose that in this
period both fresh and marine waters would have been invaded. To
attempt a generalization regarding the habitat of the entire group
seems hardly justifiable.
It may suffice to say that what the record does show regarding
these earliest vertebrates is a wide deployment, somewhat varied
habitat and modes of life, but chiefly confined to minor roles as
scavengers and weak feeders, little hinting at the dominant roles
some of their distant offspring would play in the varied ecological
settings of the ages.
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